Abstract
of gill ostia in zebra mussels (Gardiner et al., 1991) . When zebra mussel siphons and 173 adjacent mantle tissue are exposed to high (1 mM) concentrations of serotonin, the siphons 174 open and the muscles contract, but at low (1 µM) concentrations the muscles relax (Ram et 175 al. 1999 ).
Serotonin regulates several reproductive processes in bivalves. Serotonin receptors have 178 been identified on egg cell membranes (Krantic et al. 1991 , Guerrier et al. 1996 and 179 serotonin has been detected in bivalve ovaries by immunocytochemistry and HPLC (Ram et 180 al. 1992) . Oocyte maturation and germinal vesicle breakdown (GVBD) can be induced in a 181 number of different bivalve species by serotonin and its receptor ligands (Osanai and 182 Kuraishi, 1988 , Hirai et al. 1988 , Kadam and Koide, 1989 , Fong et al. 1994 . Because of its 183 importance in aquaculture, the induction of spawning in bivalves has been well studied.
184
Serotonin and its receptor ligands induce spawning in both marine (Matsutani and Nomura, 185 1982, Gibbons and Castagna, 1984) and freshwater (Ram et al. 1993) bivalves. Furthermore, 186 it induces spawning in species that release oocytes arrested at prophase I (Spisula spp.) or 187 metaphase I (Dreissena polymorpha). In the live bearing, freshwater fingernail clams, 188 serotonin induces parturition (Fong and Warner, 1995) . Recently Meechonkit et al. (2012) 189 showed that exposure of the freshwater mussel Hyriopsis bialatus to different concentrations 190 of serotonin significantly induced release of viable glochidia which developed normally.
191
While dopamine has been detected in bivalve gonads (Osada and Nomura 1989) , its role in 192 regulating reproductive processes is unclear. However, dopamine has been shown to reduce 193 the intensity of serotonin-induced spawning in zebra mussels (Fong et al. 1993a). 194 195 In freshwater gastropods, serotonin regulates several reproductive processes. In Lymnaea 196 stagnalis, a serotonin receptor (5-HTLym) binds several serotonin receptor ligands with high 197 affinity (Sugamori et al., 1993) . Bath-applied serotonin induces the contraction of the penis 198 retractor muscle thus it is likely involved with penis withdrawl (Croll et al. 1991). 199 Furthermore, the penis nerve in L. stagnalis produces 8 neuropeptides as well as serotonin.
200
By contrast, a serotonin receptor antagonist, methiothepin induces the eversion of the 201 preputium containing the penis, but reduces egg laying and copulatory behavior in the snail
202
Biomphalaria glabrata (Muschamp and Fong, 2001) . Earlier studies by Manger et al. (1996) 203 showed that B. glabrata, exposure to serotonin increased ovulation and oviposition in mature 204 snails (Manger et al., 1996) . Serotonin-induced rotation of embryos within egg capsules has rotation is cilia driven and postulated to increase oxygen availability in embryos during 207 periods of low oxygen. Recently, Shartau et al., (2010) showed that embryos exposed to 208 serotonin lived > 2x as long as untreated embryos subjected to anoxia. Filla et al., (2009) 209 showed that in the embryonic development of L. stagnalis, both dopamine and its 210 synthesizing enzyme increase continuously, whereas levels serotonin remained low.
211
However both serotonin and dopamine enhanced embryonic rotation.
213
The veliger larvae of some marine snails (Ilyanassa obsoleta) contain a large number 214 serotonergic and dopaminergic neurons. When exposed to exogenous serotonin the larvae 215 undergo metamorphose (Couper and Leise,, 1996) . In the nudibranch Phestilla sibogae, 216 competent larvae metamorphose when exposed to a factor from their bryozoan prey.
217
Treatment of larvae with the dopamine precursor, L-Dopa increases dopamine concentration,
218
and potentiated the frequency of larval metamorphosis when exposed to low concentrations 219 of the natural inducer. (Diwan, 2005; Fingerman, 225 1987; Huber et al 1997; Cheng et al 2006; Li et al 2005; Fingerman, 226 1983 
252
Conversely, Chen et al (2003) has shown that dopamine is able to inhibit the ovarian 253 maturation and found that dopamine has a dose dependant inhibitory 254 effect on the testicular maturation. 2005, Bethel and Holmes, 1973 , Lagrue et al., 2007 , Cezilly et al., 2000 . Tain et al. (2006) 266 has shown that infection with acanthocephalan parasites is associated with increased brain The immune systems of crustaceans are also known to be influenced by neurohormones. . Similarly, when challenged with a bacterial pathogen increased 295 mortality was observed in noradrenaline (norepinephrine) injected individuals than controls 296 .
298
The regulation of blood glucose through crustacean hyperglycaemic hormone (CHH) is 299 under the control from a variety of neurohormones . Hsieh et al (2006) 300 reports that dopamine, serotonin, norepinephrine, epinephrine and octopamine are all whereas DA can have an inhibitory effect .
Colour within the crustaceans is controlled through a number of neurohormones which act 309 upon chromatophores within the epithelial tissues. A considerable body of research exists that 310 have studied the function of neurohormones on specific group of peptide hormones that can 311 concentrate or disperse the pigments within the chromatophores . These lower than concentrations in wastewater effluent (Fong and Hoy, 2012) . funebralis. Foot detachment from the substrate is a potential sub-lethal effect that could 385 result transport to unfavorable habitats and which would be difficult to detect in nature.
386
While the effective concentrations found by Fong and Molnar are higher than environmental 387 concentrations, antidepressants and their sub-lethal effects can accumulate over time (Seiler, 388 2002) and can be enhanced by the concomitant release of other pharmaceuticals (Silva et al. 389 2012).
ii. Bivalves

392
Because of its importance in bivalve aquaculture protocols, spawning had been shown to 393 be inducible by external application of serotonin and its receptor ligands (Gibbons and 394 Castagna, 1984 , Ram et al 1993 , Fong et al. 1993b . Fong (1998) tested the effect of the 395 antidepressants fluvoxamine and fluoxetine on spawning in the zebra mussel (Dreissena 396 polymorpha). He found that low concentrations of both antidepressants induced male 397 mussels to spawn when exposed to 1 nM fluvoxamine and to 50 nM fluoxetine. In the same 398 year, Fong et al., (1998) showed that parturition in the freshwater fingernail clam (Sphaerium 399 striatinum) was induced by 10 nM fluvoxamine. Since zebra mussels are a serious aquatic actually observe spawning, but rather noticed differences in gonads between exposed and 411 control mussels, and from this they concluded that zebra mussel spawning may be inducible 412 at even much lower fluoxetine concentrations following exposure for a period of several 413 days.
414
Working with the marine bivalve Macoma balthica, Honkoop et al. (1999) found that its show an effect of an antidepressant on a marine bivalve, but it was also important to bivalve competition from exotic species such as zebra mussels (Ricciardi and Rasmussen, 1999 hour lab tests, mussels exposed to fluoxetine at 300 and 3000 µg/L significantly released non- small fishes in order to attract larger predatory fishes that act as hosts for glochidia larvae.
438
As host fish approach the mantle "lure" the female releases a cloud of glochidia which then 
b. Crustacea
To date, despite a considerable body of work using decapod models to investigate the 
507
The 48-h LC50s for the SSRIs ranged from 0.12 to 3.9mg/L in terms of increasing toxicity 
Conclusions/Summary
In this review we have shown that the capability for antidepressants to disrupt the normal biological systems of two highly abundant and ecologically important invertebrate groups is extensive. Through the interference of neurohormones such as serotonin, dopamine and norepinephrine, for which antidepressants are deliberately designed to modulate; antidepressants have the potential to effect multiple biological processes including reproduction, growth, metabolism, immunity, feeding, locomotion, colour physiology and behaviour.
A body of evidence is building that suggest that antidepressants, at concentrations currently found in surface, waste and groundwaters are sufficient to cause a wide variety of effects (based on laboratory studies). This is despite that fact that reports suggest that these types of drugs only take up 4% of the known relative proportions of pharmaceuticals detected in the environment (Santos et al. 2010) 
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